Our report concerns five patients who underwent lumbar decompressive surgery for cauda equina syndrome and radiculopathy secondary to degenerative stenosis associated with calcium deposition in the ligamentum flavum. The resected ligamentum flavum showed diffuse to massive calcium crystal deposition with a histologically marked degeneration in the elastic fibres. Energy dispensive radiographic microanalysis confirmed the crystal to be calcium pyrophosphate dihydrate in all patients, hydroxyapatite mixed in three and calcium orthophosphate mixed in one. The deposition appeared to be a change that is associated with the degenerative process in the ligament and, in some cases having marked deposition in a localised event, it causes or aggravates the neurological symptoms
Introduction
A number of reports in the literature describes the anatomical changes in the stenotic lumbar spine which produce the intermittent symptoms of cauda equina claudication and sciatica.1,2 The pathoanatomy in the degenerative process includes hypertrophy of the medial portion of the facet joint and the lamina, intervertebral discs bulged posteriorly, narrowing of the neuroforamina, and hypertrophied ligamentum flavum. Ossification and calcification of the ligamen tum flavum of the lumbar spine causing neurological compromise are reported to be rare and much is still not known with respect to the possible role of calcium crystal deposition in the ligamentum flavum as ob served in symptomatic lumbar spinal stenosis. 3 -5 We report on five patients who have had marked calcium crystal deposition in the lumbar ligamentum flavum at the surgical site and discuss its possible role in the production of symptoms associated with spinal stenosis.
Patients and methods
Two hundred and fifty-nine patients with symptomatic lumbar spinal stenosis underwent decompressive laminotomy at our university medical centres between 1986 and 1993. Five patients (2% ) had marked calcium crystal deposition within the ligamentum flavum at the site of the laminotomy. All were women, 59-82 years of age (average, 70 years). Plain radiographs, myelo grams, and computed tomographic scans (GE CIT 8800, General Electrics, Milwaukee, WI, USA) demonstrated in all patients that the ligamentum flavum with calcification compressed the dural sac at the levels suspected to be responsible for the cauda equina syndrome and radiculopathy. According to classification of Arnoldi et ai, 6 all patients showed a degenerative type of stenosis radiologically; two had mild spondylolisthesis anteriorly and one had scoliosis. Radiographic examination was selectively performed to investigate calcification at other sites in the lumbar spine. Surgical treatment included a one-level total laminectomy for four patients and a bilateral partial laminectomy for one. In all cases, the dural sac was completely decompressed and nerve root entrapment was completely eliminated, leading subsequently to clinical improvement postoperatively. The postopera tive neurological status was assessed as follows: (1) excellent, every preoperative symptom relieved and abnormal findings improved so that the patient could walk without support for more than 500 metres; (2) good, minimal persistence of preoperative symptoms and abnormal findings unchanged or improved, and walking ability improved but restricted up to 500 metres; (3) fair, definite relief of some preoperative symptoms, but other symptoms unchanged or only slightly improved, and walking tolerance with inter mittent use of support less than 200 m; and (4) poor, signs and symptoms unchanged or worse. The patients. were followed up for 0. 8 to 7 years.
The resected ligamentum flavum was examined histologically (hematoxylin and eosin, and von Kossa's stains), and energy dispensive radiographic microanaly sis (Energy Dispensive X-Ray Microanalyzer JDX-8P, Nihon Denshi, Tokyo, Japan) of calcified material was conducted to identify the calcium crystals.
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Results
Clinical and radiological fi ndings
Comprehensive data on patient status preoperatively and at the latest hospital visit is given in Tables 1 and 2 . Two patients had hypertension and one had mild diabetes mellitus requiring diet therapy. Calcification at sites other than in the lumbar spine was noted at the shoulder joint in one patient, at the knee meniscus in two, and at the pubic symphysis in one. Subjective symptoms and distinctive findings from L5 radiculo pathy were noted in all patients, with neurological intermittent claudication of varying degree in four patients. One patient (case 5) was unable to walk because of intractable pain in the right thigh.
Calcium crystal deposition was observed at the L3-4 level in one, the L4-5 level in all, and the L5-S1 level in two. Myelograms showed an hour-glass constriction of the dural sac at the corresponding levels of varying degrees: (1) a severe total block below the puncture site in three (cases 1, 3 and 4), and (2) a partial block with the scanty passage of contrast medium in two ( Figure  1 ). The calcium was deposited diffusely in the ligamen tum flavum in all patients but, in case 4, the mass was observed as seen in the cervical spine (Figs 2a, b) .
Histological fi ndings of the resected ligamentum flavum
All resected specimens showed calcium deposition diffusely scattered within the ligamentum flavum. No particular site of deposition predominated but, in case 5, a large mass located at the L3-4 level on the right had compressed both the L4 and L5 roots ipsilaterally. The ligamentum flavum revealed no marked adhesion to the neural tissue in any case, and was easily removed during surgery. No calcium deposition was noted in the dura mater of the nerve root sleeves. Histologically, the ligament showed a slight thickening containing diffuse calcium granules but no granulomatous or inflam matory changes were evident ( Figure 3) . A small number of fibroblasts was observed around the calcium granules. Histology confirmed that the ligamentum flavum had not ossified.
Energy dispensive radiographic microanalysis
Calcium pyrophosphate dihydrate (CPPD) was identi fied in crystals in all cases, and hydroxyapatite was also observed in three patients. Calcium orthophosphate was identified in one case and unknown crystals were observed in another.
Discussion
The number of reports of lumbar spinal stenosis is increasing and the disease is becoming better under stood as the knowledge from basic investigations and clinical research accumulates. The ligamentum flavum, in association with the hypertrophied facet joints intraspinally, may play an important role in entrapping the dural sac and the nerve roots at this origin from the .' theca. However, the possible role of calcification within the degenerated ligamentum flavum producin� neuro logical compromise must not be neglected. ,8 Most reports focus on the facet and neuroforaminal morpho logy in conjunction with neural tissue compression. Recently, SchrOder et al9 studied the histological process and calcification of the ligamentum flavum obtained from 21 surgical cases operated on for symptomatic lumbar spinal stenosis. They observed that nearly all of the ligaments were calcified: on the average, 0.17% , with a maximum of 3. 8% in the size of the entire ligament. In comparison with controls, they concluded that calcium deposition within the ligament significantly increased the symptoms, and suggested that such deposits may play an important role in spinal stenosis. Unlike the situations in the cervical and thoracic spine,1O symptomatic ossification of the liga mentum flavum in the lumbar spine appears to be rare. Nakamura et ai, 11 however, studied the ossification process of the ligament histologically and reported that microscopic ossification and chondroblasts were more frequently observed. From their findings, they con cluded that the unstable lumbar spine accelerates degeneration and chondrometaplasia of the ligamen tum flavum. These findings may be true histologically but, in the clinical situation, ossification of the ligamen tum flavum in the lumbar spine appears to be a rare occurrence; similarly to the experience of others, our clinical observations12-15 suggested that ossification of the spinal ligaments mainly involves the cervical and thoracic areas. Why the lumbar ligamentum flavum rarely ossifies has been the subject of enthusiastic investigation.
From electron microscopic and radiographic diffrac tion studies on calcium deposition in the cervical ligamentum flavum, Kawano et al16 postulated that a nodular type of calcium deposit containing a chemically unstable form of CPPD is transformed finally to a linear one composed of stable hydroxyapatite. Kubota et al17 observed extracellular plasma membrane invested matrix vesicles and thick wall-bound matrix giant bodies within the calcified ligamentum flavum, and concluded that these vesicles and bodies precipitate minerals which eventually coalesce to form calcified nodules. These matrix vesicles are believed to originate from degenerated fibroblasts. Yoshida et ai, 18 conduct ing an immunohistochemical study on the ligamentum flavum obtained from canal-stenotic patients undergo ing lumbar decompressive surgery, observed histolo gical calcium crystal deposition in the hypertrophied ligaments and the proliferation of cartilage cells in the vicinity of the facet joints. They suggested that the hypertrophied ligamentum flavum, with its significant degenerative changes within the elastic fibres contain ing abundant numbers of foreign giant cells, plays an important role in the calcium deposition process, and is possibly influenced by generalized chondrocalcinosis. Schroder et al9 maintain that the increase in calcium crystals is one of the main reasons for thickening of the ligamentum flavum. Although current observations do not advance the study of the process of calcium deposition, it may be suggested that significant de generative changes in the elastic fibres with thickening of the ligament itself may be associated with this pathological condition.
Calcification of the ligamentum flavum may be associated with certain generalized diseases such as chondrocalcinosis or systemic calcium crystal deposi tion disease. [19] [20] [21] [22] Watanabe et al 23 reported that a 17% incidence of calcification was noted in the cervical ligamentum flavum in 30 patients with a pseudogout syndrome of the knee. Factors such as aging, metabolic disorders, and hormonal imbalance, which affect liga mentous degeneration, may grecipitate general calcifi cation. Our previous report 4 on the calcified cervical ligamentum flavum concerns a positive correlation between the crystal deposition and systemic disease but the limited number of patients in our current series does not permit a definitive statement regarding the possible aetiology. Symptomatic deposition is removed surgically. However, as Takehara et az 25 suggested, the lesion may be reduced in size or even absorbed by the administration of etane-1-hydroxy-1-diphosphate. Asymptomatic calcium deposition at other sites in the operative area can be treated by the prophylactic use of this drug.
We concluded that symptoms such as lumbar spinal stenosis may be accelerated by coexisting calcium crystal deposition within the ligamentum flavum at the affected spinal levels. Although the calcium lesion may be less important than are the hypertrophied facet joint in producing symptoms, it appears to play a role in advancing the disease by increasing the thickness and consistency of the degenerated ligamentum flavum.
